After a long a glorious history, marked by the first direct proofs of neutrino existence and of the mixing between the first and third neutrino generations, the reactor antineutrino experiments are still well alive and will continue to give important contributions to the development of elementary particle physics and astrophysics. In parallel to the SBL experiments, that will be dedicated mainly to the search for sterile neutrinos, a new kind of experiments will start playing an important role: the medium baseline reactor experiments, aiming to study the neutrino mass ordering. The first example of this kind, the liquid scintillator JUNO experiment, characterized by a very high mass and unprecedented energy resolution, will soon start data taking in China. Its main aspects are discussed here, together with its potentialities for what concerns the mass ordering investigation and also the other issues that can be studied with this detector, spanning from the accurate oscillation parameter determination, to the study of solar neutrinos, geoneutrinos, atmospheric neutrinos and neutrinos emitted by supernovas and to the search for signals of potential Lorentz invariance violation. 12 1. Introduction: milestones of reactor antineutrino experiments 13 The nuclear power plants are an ideal source of pure and intense electron antineutrino (ν e ) beams, 14 emitted in the radioactive decays of the fissile products of the nuclear fission. The flux of these 15 antineutrinos is in general relatively well known and under control, even if their evolution in time is 16 not so easy to keep under control.
the far detector). The main recent contribution of SBL experiments to the knowledge of neutrino physics has 128 been for sure the proof that the mixing angle between the first and third neutrino generations (θ 13 )
By performing a combined analysis of the observedν e rate (looking for oscillation signals) and of 134 the spectral shapes (studying the energy dependence of antineutrino disappearance), the three SBL 135 experiments were able to extract, together with the value for the mixing angle θ 13 , also the absolute 136 value of the difference between the neutrino mass eigenvalues squared ( ∆m 2 32(31) ) [32] [33] [34] . The results 137 with their relative uncertainties are reported in Table 2 and in Figure 1 , where they are compared 138 also with the values for the same oscillation parameters that can be recovered by the analysis of LBL The proof that θ 13 is significantly different from zero has been essential, not only to further 142 clarify the mass and mixing pattern, but also to open new possibilities for the experiments searching 143 for leptonic CP violation and the ones investigating the mass ordering, by looking at effects whose 144 amplitude is proportional to sin 2 (θ 13 ), as we will discuss in the next sections. One of the main points that still must be clarified in reactor neutrino physics is the presence of 148 the called "flux anomaly". All the three main SBL experiments have observed a significant deviation ( 149 a sort of bump) from the predicted spectrum in the region between 4 and 6 MeV and this anomaly 150 has been recently confirmed also by the NEOS (Neutrino Experiment for Oscillation at Short baseline) other topics relevant both for elementary particle physics and for astrophysics.
183
All of these items will be discussed in the rest of the paper. We will start in Section 3 from the 184 concept of neutrino mass hierarchy, the importance of its determination in the general theoretical 185 framework of neutrino mass and mixing and the possibility for reactor antineutrino experiments 186 to contribute significantly to this kind of studies. Then, in Section 4, we will focus on the Chinese 187 experiment JUNO, that offers the first important example of detector designed to perform the kind of 188 research project we just discussed and that will start its data taking very soon. remain unsolved, at least for many years, but there are other important issues that we can hope 206 to understand in a medium (like in the case of the value of the CP violating phase) or even short 207 time scale. This is the case, for instance, of the solution of the so called octant problem (that is the 208 discrimination between values of θ 23 lower or higher than π 4 ) and, even more relevant, of the solution 209 of the so called hierarchy problem, that is the determination of the exact ordering of the three neutrino 210 mass eigenvalues.
211
At present, the experimental data are still consistent with two possible ordering for these 212 eigenvalues, both illustrated in Figure 2 .
213 Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 January 2020 doi:10.20944/preprints202001.0003.v1 Figure 2 . The two possible schemes for the neutrino mass eigenvalues: on the left the normal ordering (or normal hierarchy), with ∆m 2 31 = |∆m 2 32 | + ∆m 2 21 > |∆m 2 32 | and, on the right, the inverted ordering (or inverted hierarchy), with ∆m 2 31 = |∆m 2 32 | − ∆m 2 21 < |∆m 2 32 |. The two mass eigenvalues squared differences are not represented in scale, but, in any case, one can appreciate the gap existing between the "solar" and the "atmospheric" ones. The different colors represent the flavor compositions of all the three neutrino mass eigenvalues.
The first possibility would correspond to what is usual denoted "normal ordering" , or normal 214 hierarchy (NH), in which the third mass eigenvalue m 3 is the highest one, well separated by the other 215 two ( m 3 >> m 2 > m 1 ). However we could also have a so called "inverted ordering", or "inverted 216 hierarchy", corresponding to m 3 as the lowest eigenvalue, well separated by the other two higher mass 217 values (m 3 << m 1 < m 2 ).
218
The mass ordering determination is one of the main present issues of neutrino physics for multiple choosing the better strategy to follow to look for these extensions in the high energy sector. As far as the atmospheric neutrino studies, they will continue at neutrino telescopes, with the upgrade 257 of ICECUBE, and eventually with the PINGU project, and with KM3NeT-ORCA [53] .
258
The real novelty in this field is the advent of a new possible way of studying the mass ordering, 259 by means of medium baseline reactor experiments. We will focus our attention on this last category of 260 experiments in the remaining part of the paper. 
269
As a matter of fact, in the usual 3 flavor analysis, the electron antineutrino survival probability in vacuum is given by: P ee = 1 − cos 4 (θ 13 ) sin 2 (2θ 12 ) sin 2 (∆ 21 ) − sin 2 (2θ 13 )[cos 2 (θ 12 ) sin 2 (∆ 31 ) + sin 2 (θ 12 ) sin 2 (∆ 32 )] . (1) In (1) we denoted by ∆ ij the following combination of the experimental parameters L (baseline) and E (antineutrino energy) and of the neutrino mass eigenvalues m i and m j :
In order to make the dependence on the neutrino mass ordering more explicit, the oscillation probability of (1) can be written in the following, way[55]:
(2) In (2) ∆m 2 ee represents the quantity ∆m 2 ee = cos 2 (θ 12 )∆m 2 31 + sin 2 (θ 12 )∆m 2 32 and the "phase factor" φ 270 is the combination of the 1-2 sector mass and mixing parameters defined by the relations: 271 sin φ = cos 2 (θ 12 ) sin[2 sin 2 (θ 12 )∆ 21 ] − sin 2 (θ 12 ) sin[2 cos 2 (θ 12 )∆ 21 ] 1 − sin 2 (2θ 12 ) sin 2 ∆ 21 cos φ = cos 2 (θ 12 ) cos[2 sin 2 (θ 12 )∆ 21 ] + sin 2 θ 12 cos[2 cos 2 (θ 12 )∆ 21 ] 1 − sin 2 (2θ 12 ) sin 2 ∆ 21 .
(3)
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The sign in front of the φ term in formula (2) is equal to +1 in case normal mass ordering and -1 for 272 the inverted ordering case. Changing from one to the other neutrino mass ordering corresponds to a 273 change in the sign of this "phase term".
274
The convolution of the oscillation probability with the reactor antineutrino flux and the cross In order to perform such an experimental program, it is essential, to select a value of L/E, that 282 maximizes the oscillation amplitude and the relative weight of the hierarchy-dependent corrections 283 to the spectrum. In the case of the JUNO experiment [24] , that will start data taking in China in the 284 very next years, the medium baseline of 53 km has been chosen in such a way to satisfy this condition, 285 taking into account the reactor antineutrino flux "spectral distribution". This value corresponds to the 286 region of maximum oscillation for the 1-2 sector, as shown in Figure 4 , representing the situation for 287 different present and future reactor experiments. We will discuss the JUNO case in the next section. 
293
The main goal of this experiment is the mass ordering study and the precise determination of three 294 of the mass and mixing parameters. In this Section we will discuss in details the JUNO potentialities 295 for what concerns these two aspects. In addition to this, there are many other important studies that 296 strictly speaking are not directly connected with reactor neutrinos, in the sense that they do not make 297 use of neutrino (or antineutrino) beams produced by nuclear reactors, but can be performed at JUNO, 298 offering a further confirmation of the essential contributions that reactor neutrino experiments have 299 given and continue to give to the development of elementary particle physics and astrophysics. We Table 3 . Expected accuracy with the use of JUNO data, compared with the present one, for the mass and mixing parameters for which a significant improvement is expected. The leading experiments for the present parameters determination are also reported. The JUNO expected accuracies are recovered by [24] and by most recent Collaboration's analyses.
